The objective of this study was to examine the association of urinary phytoestrogens with the risk of postmenopausal breast cancer. Participants in the Multiethnic Cohort Study included 36,458 postmenopausal women who provided blood or urine specimens. A nested case-control study of breast cancer with biospecimens was created in which cases diagnosed after specimen collection were matched to two controls. Two hundred fifty-one women with breast cancer and 462 controls had urine available for analysis of urinary phytoestrogens. Odds ratios (OR) and 95% confidence intervals (CI) were obtained using conditional logistic regression. A nonmonotonic inverse trend (P = 0.04) in breast cancer risk was associated with increasing urinary excretion of genistein (OR 25th-75th percentile, 0.88; 95% CI, 0.78-0.99) and total isoflavones (OR 25th-75th percentile, 0.80; 95% CI, 0.65-0.99). A significant reduction in breast cancer risk in Japanese-American women was associated with the highest compared with the lowest quartile excretion of urinary daidzein (OR, 0.41; 95% CI, 0.19-0.89; P trend , 0.005). The risk of breast cancer was reduced among White women with the highest compared with the lowest quartile excretion of equol (OR, 0.27; 95% CI, 0.08-0.95), although the trend in risk was not significant (P = 0.07). Our results provide some support to the hypothesis that a diet rich in isoflavones from soy products reduces the risk of postmenopausal breast cancer, particularly in populations with comparatively high excretion of phytoestrogens.
Phytochemicals with weak estrogenic properties in mammalian systems termed "phytoestrogens" are naturally occurring, nonsteroidal plant compounds with a variety of biological activities that may influence the risk of breast cancer (1) . Phytoestrogens of primary concern to human health include the isoflavones genistein, daidzein, and its metabolite, equol, which are principally found in soy products; and the lignans, enterolactone, and enterodiol, which are produced by intestinal bacteria from the metabolism of oilseeds, seaweed, cereals, legumes, vegetables, and fruits (2) (3) (4) (5) . Phytoestrogens are hypothesized to reduce the levels of biologically available estrogen through the stimulation of sex hormone binding globulin production or competitive binding of estrogen receptor (ER)-α and ER-β (6) . Phytoestrogens might also decrease circulating estrogen concentrations through the inhibition of aromatase and down-regulation of 3β-hydroxysteroid dehydrogenase and 17β-hydroxysteroid dehydrogenase type 1, or prevent breast cancer through other mechanisms (7) (8) (9) .
Scientific interest in the relation of phytoestrogens to the risk of breast cancer is premised, in part, on the observation that Asian women who migrate to the United States substantially increase their risk of breast cancer over several generations, suggesting that adoption of a Western life-style, including dietary change, influences the incidence of breast malignancy (10, 11) . Breast cancer rates in Japan and other Asian countries have been traditionally much lower than in the United States and Europe, although this difference in incidence has been narrowing in recent years (12) . Lignans occur in much higher concentrations in general American and European diets than do isoflavones because of a comparatively low intake of soy products (6) .
Epidemiologic studies of dietary isoflavone and lignan consumption with the risk of breast cancer have been combined recently in two meta-analyses (10, 13) . Trock et al. (10) reported a modest, but statistically significant, 14% reduction in breast cancer risk among women with a high soy intake compared with women with a low soy intake. In a second meta-analysis separating the dietary studies conducted in Asia or among Asian-Americans from the dietary studies conducted in Western populations, Wu et al. (13) found a statistically significant reduction in the risk of breast cancer among Asian women reporting a "high" soy intake compared with women reporting a "low" soy intake, but a similar finding was not observed in non-Asian women. These results suggest that the beneficial effects of soy against breast cancer may only occur at relatively high levels of consumption.
Fewer epidemiologic studies of the association of dietary enterolactone and breast cancer have been conducted, and these have been limited to Western populations. Of the three case-control studies reviewed by Boccardo et al. (14) , two reported an inverse association of dietary lignans with premenopausal breast cancer, but no association with breast cancer risk among postmenopausal women. By contrast, results from a recent French prospective study suggest that women with high dietary intakes of total plant lignans have a statistically significant reduced risk of ER-positive/progesterone receptorpositive postmenopausal breast cancer (15), but not premenopausal breast cancer (16) .
Prospective investigations of the association of blood or urine levels of phytoestrogens with breast cancer risk have been inconclusive (17) (18) (19) (20) (21) (22) (23) (24) (25) . The objective of our study was to examine the association of the major urinary phytoestrogens daidzein, genistein, equol, and enterolactone with the risk of postmenopausal breast cancer in a multiethnic population with a wide range of dietary intakes, including JapaneseAmericans with relatively high intake of soy products.
Materials and Methods

Study population and data collection
We conducted a nested case-control study of breast cancer within the Multiethnic Cohort Study, established in Hawaii and Los Angeles, California, from 1993 to 1996 (26) . More than 215,000 adults ages 45 to 75 y entered the cohort by completing a detailed questionnaire on diet and life-style factors. Five racial-ethnic groups were targeted for inclusion in the cohort: African-Americans, Native Hawaiians, Japanese-Americans, Latinos, and Whites. A prospective biospecimen repository was developed, largely between 2001 and 2006, when cohort members who agreed to participate provided a blood and urine specimen, and completed a short questionnaire. Biospecimens were prospectively collected from 36,458 postmenopausal women, 32,243 of whom provided a urine sample. An overnight (Hawaii) or a first morning (Los Angeles) urine specimen was preferentially collected; spot urine was requested otherwise.
Case ascertainment and control selection
Identification of incident, invasive postmenopausal breast cancer cases was accomplished through linkage to the population-based cancer registries covering Hawaii and California, which are members of the Surveillance, Epidemiology, and End Results Program of the National Cancer Institute (27) . Deaths were identified by linkage to death certificate files in Hawaii and California, as well as to the National Death Index. During the follow-up period (median follow-up, 1.57 y; range, 0.01-7.69 y), 334 eligible breast cancer cases were identified. Approximately two controls for each case were randomly selected from the women who were alive and free of breast cancer at the age of the case's diagnosis by matching for geographic location (Hawaii or California), race-ethnicity, birth year (±1 y), date of specimen collection (±6 mo), time of specimen collection (±2 h), fasting hours (0-<6, 6-<8, 8-<10, and ≥10 h), and hormone replacement therapy use (HRT; as current versus not current). HRT use and fasting status were used as matching criteria to ensure that matched sets would be available for the assessment of analytes requiring fasting status or non-HRT use. A total of 251 cases and 462 of matched controls had an overnight (173 cases, 338 controls) or first morning (78 cases, 124 controls) urine sample as required for phytoestrogen 
Laboratory assays
Daidzein, genistein, equol, and enterolactone were analyzed by high performance liquid chromatography with electrospray ionization tandem mass spectrometry, similar to our earlier reports (28) (29) (30) . Mass spectrometric analysis was done by multiple reaction monitoring as previously described (29) . Limits of quantitation (LOQ) were 1 nmol/L for daidzein (all subjects > LOQ), 1 nmol/L for genistein (54 subjects < LOQ), 2 nmol/L for equol (360 subjects < LOQ), and 5 nmol/L for enterolactone (12 subjects < LOQ). Between-batch coefficients of variation ranged from 4% to 18% for all analytes, whereas within-batch variation was less than or equal to half these levels. Excretion of phytoestrogens was corrected for creatinine as nmoles per milligram of creatinine.
Data analyses
A preliminary examination of the data included comparisons of cases and controls with respect to several demographic characteristics and potential risk factors of interest. Phytoestrogen values were compared between cases and controls by the two-sided median test. The sum of daidzein and genistein was calculated as an estimate of main nonmetabolized isoflavones and the sum of daidzein, genistein, and equol as an estimate of major total isoflavones. Partial correlations among the phytoestrogens, adjusted for the matching variables, were analyzed using the Spearman rank-order test.
We evaluated risks associated with different excretion of phytoestrogens by means of conditional logistic regression modeling casecontrol status (31) . The excretion was defined as quantiles based on the distribution in the combined population of cases and controls. The cut points differed little from those based on the distribution of the entire data set, except for the highest quartile. We computed odds ratios (OR) and 95% confidence intervals (CI) by exponentiating the coefficients (and CIs) for the binary indicator variables representing the quartile excretion of urinary phytoestrogens. Matched sets were used as strata in the conditional logistic models, which accounted for the matching criteria: location, race-ethnicity, birth year, date and time of urine collection, HRT use, and fasting hours. We additionally included age at specimen collection and fasting hours as continuous variables to further adjust for differences within matched sets. We also considered other potential risk factors as adjustment variables, such as parity and family history, but these did not materially alter the fit of the models according to the likelihood ratio test. The Wald χ 2 test was used to evaluate the significance of the linear trend based on the median value for each quantile. Analyses were repeated for continuous log-transformed variables, and the resulting parameter estimates were used in computing the ORs for the difference between the 25th and 75th percentile of urinary phytoestrogens. Only Japanese-American and White women were considered in a race-ethnic-specific analysis because the number of cases was limited for the other subgroups. Tests for interaction between urinary phytoestrogen excretion and race-ethnicity (Japanese-American versus White) in relation to breast cancer risk were Phytoestrogens and Breast Cancer based on the Wald test of cross-product terms. Separate analyses were done for strata by body mass index (BMI) category and smoking status, and for equol producers, identified by a ratio of equol to daidzein over 0.018 (32) . These analyses used unconditional logistic regression, adjusted for the matching criteria variables, to maximize the number of subjects available. All tests were two sided, and P value of <0.05 was considered statistically significant. Major analyses were repeated after omitting the 98 cases and matched controls with <1 y of follow-up, with little change in our findings, i.e., the direction of all associations remained the same, although there was some loss of statistical significance.
Results
Few differences were found between breast cancer cases and their matched controls with regard to demographic or other background variables ( Table 1 ). The mean age of cases and controls at urine collection was 67 years. Japanese-American women were the largest race-ethnic group represented, with smaller numbers of White, Latina, African-American, and Native Hawaiians. The mean BMI for cases and controls was similar, with 16% of cases and 15% of controls reporting a BMI of ≥30, suggesting obesity. No significant differences between cases and controls in any of the reproductive variables were observed, likely because of the matching criteria. A family history of breast cancer was reported by 11% of cases and 13% of controls. A somewhat greater percentage of cases than controls had ever smoked tobacco, or were current alcohol drinkers.
Urinary excretion of each of the phytoestrogens was generally lower among breast cancer cases than among controls, although we found few significant differences in median excretion for any of the race-ethnic groups (Table 2) . Substantial race-ethnic variation was observed in the mean excretion of daidzein and genistein, with the highest excretion among Japanese-American controls and the lowest excretion among African-American controls. Mean urinary genistein concentrations were nearly 3-fold greater among Japanese-American controls than among White controls, the next highest group, and >17-fold greater than among African-American controls. The highest excretion of urinary enterolactone was found among White controls, with lower excretion among the other race-ethnic groups.
Little two-way association in the urinary excretion of phytoestrogens was observed, with the exception of the excretion Cancer Prevention Research of daidzein and genistein that had a partial correlation of 0.89 (P < 0.0001), and the excretion of enterolactone and equol with a partial correlation of 0.27 (P < 0.0001).
Breast cancer risk comparing women in the 75th to the 25th percentile of urinary phytoestrogen excretion is shown in Fig. 1 . Daidzein excretion was associated with a significantly reduced risk of breast cancer among Japanese-American women (OR, 0.69; 95% CI, 0.53-0.91), but not among women in other race-ethnic groups. A significantly reduced risk of breast cancer was also associated with genistein excretion and an index of total isoflavone excretion among Japanese-American women and all women combined. No relation of urinary equol or enterolactone to risk was found, although race-and ethnicspecific ORs for enterolactone excretion were all below one.
In comparing cases and controls by quartile groupings in phytoestrogen values, no significant associations of individual phytoestrogens with the risk of breast cancer were found, although a nonmonotonic inverse trend (P = 0.04) in risk associated with increasing urinary excretion of an index of total isoflavones was observed (Table 3) . A borderline significant interaction (P = 0.05) was found between race-ethnicity (using two categories) and urinary daidzein excretion, modeled as a continuous variable, on the risk of breast cancer. Among Japanese-American women, but not among White women, a statistically significant reduction in breast cancer risk was associated with the highest compared with the lowest quartile of excretion of urinary daidzein (OR, 0.41; 95% CI, 0.19-0.89; P trend = 0.005). By contrast, the risk of breast cancer was reduced among White women with the highest quartile of compared with the lowest urinary excretion of equol, although the trend in risk was not statistically significant. A similar inverse association was not observed among Japanese-American women. Adjustment for potential confounders of the relation between urinary phytoestrogens and breast cancer risk, including BMI, alcohol use, parity, and family history of breast cancer did not materially change the results from the crude model.
Stratification by BMI, tobacco smoking status, exogenous hormone use, and alcohol drinking had little influence on the relation of isoflavones or enterolactone with the risk of breast cancer (data not shown). No association of breast cancer with the excretion of equol was observed when we limited the analysis to the 97 cases and 161 controls who were equol producers (data not shown).
Discussion
Results from this multiethnic cohort study add to the growing literature regarding the potential inverse association of phytoestrogen consumption with the risk of postmenopausal breast cancer. Excretion of genistein and an index of total isoflavones were significantly lower among women with breast cancer than among matched controls using continuous models, suggesting a modest relation between soy consumption and the risk of subsequent breast malignancy. The strongest dose-response relation was found for the inverse association of daidzein with the risk of breast cancer among JapaneseAmerican women who had comparatively greater urinary concentrations of isoflavones than other race-ethnic groups, suggesting that the salutary effects of soy products in reducing postmenopausal breast cancer risk may require relatively high levels of intake. A suggestive relation between low equol Fig. 1 . Differences in breast cancer risk between the 75th and the 25th percentile of urinary phytoestrogen excretion, by race-ethnic group, Multiethnic Cohort Study. Based on the logistic model for continuous log-transformed variables. ▪, the relative size of race-ethnic groups in the study. This figure was produced using a forest plot macro for SAS software, by Foster et al. (33) .
excretion and breast cancer risk among White women should be interpreted with caution.
Only four prospective investigations of the association of baseline circulating or urinary isoflavones with the subsequent risk of breast cancer have been conducted to our knowledge (17, (22) (23) (24) (25) . In the first such study conducted within a Dutch population-based breast cancer screening program (17) , no association of urinary genistein was found among 88 postmenopausal breast cancer cases compared with noncancer controls. Phytoestrogen excretion was examined in spot urine specimens from 111 women and blood specimens from 92 women who later developed breast cancer within the European Prospective Investigation of Cancer and NutritionNorfolk study (22) . Compared with controls, women with subsequent breast cancer had significantly higher levels of urinary and serum equol, and serum daidzein. However, a subsequent follow-up on this cohort with 237 breast cancer cases (194 postmenopausal) failed to confirm these associations (24) . In general agreement with our results, an analysis done within the Dutch Prospect cohort, including 87 premenopausal and perimenopausal women and 296 postmenopausal women with breast cancer, showed a significant 32% reduction in risk among women in the highest compared with the lowest tertile of circulating genistein, but no association of breast cancer risk with circulating daidzein or equol (23) . This finding is consistent with the results from the Japan Health Center prospective study of 59 premenopausal and 85 postmenopausal women who showed a significant 64% reduction in breast cancer risk associated with the highest versus the lowest quartile of plasma genistein, although no relation to plasma daidzein (25) .
The present study was the first prospective investigation of circulating or urinary enterolactone and the risk of breast cancer in a multiethnic population. The absence of an association of enterolactone with breast cancer incidence in our cohort is consistent with the majority of other published studies (17) (18) (19) (20) (21) (22) (23) (24) , although only a few investigators have distinguished premenopausal and postmenopausal women in their statistical analyses (20, 21, 23) . Although there is general consistency across studies in the null association of breast cancer risk with enterolactone, some subgroup analyses have been significant. Although no overall association with breast cancer incidence among 248 cases (112 postmenopausal) was found by quartile of plasma enterolactone within three cohort studies in northern Sweden (18) , women in the lowest and highest 12.5 percentiles were at a statistically significant increased risk. An examination of 381 postmenopausal breast cancer cases nested within the Danish Diet, Cancer and Health Study showed no overall association of plasma enterolactone with risk, but a significant inverse association with risk was suggested comparing the 80 women with ERα-negative breast cancer to controls (19) . An advantage of our study design was the ability to examine the association of isoflavone excretion among women with a broad range of soy product and legume intake that contributes to the dietary markers selected for investigation. Indeed, Japanese-American women in our prospective cohort had substantially higher excretion of isoflavones than other participants, with a >4-fold mean variation in total isoflavone excretion between ethnic groups. A further benefit of our study methodology is the greater concentration of phytoestrogens in the urine than serum that leads to lower quantitation limits. Urine also better reflects recent (24-48 hours) dietary exposure because of the short half-life of the compounds, although excellent correlations between plasma levels and urine excretion of isoflavones and their metabolites was found in several studies that considered the appropriate timing of sample collection (34, 35) .
Future analyses of these data will include stratification by hormone receptor status that is presently missing for 54% of the cases who were identified through our rapid case ascertainment system. Our report was also limited by the small number of cases for several of the race-ethnic groups included in the analysis. The absence of an association of several established risk factors for postmenopausal breast cancer in this study, such as BMI and alcohol, might be explained by the close matching of cases and controls by age, race-ethnicity, and hormone replacement use or by the modest sample size. In interpreting our results, it is important to consider that a high intake of soy and lignans may be correlated with other life-style factors that reduce breast cancer risk, such as greater physical activity, reduced alcohol consumption, and lower BMI.
In conclusion, this prospective investigation provides evidence that the consumption of foods high in isoflavones may reduce the risk of postmenopausal breast cancer. The absence of an association of urinary enterolactone with breast cancer risk is consistent with the majority of other null studies. Because we were unable to examine long-term isoflavone exposure or the effects of increased soy product consumption among women at high genetic risk of breast cancer, much remains to be studied about the potential breast cancer risk reduction associated with the consumption of genistein and daidzein.
